
B e n e f i t s
•	 Adaptable:	Features	a	combination	of	
strength	and	superior	insulating	proper-
ties,	providing	ideal	containment	for	
cryogenic	liquids

•	 Strong:	Enables	improved	structural	
integrity	for	vessels	that	can	withstand	
impact,	fire,	and	other	harsh	conditions,	
as	well	as	contain	high-pressure	contents	
as	desired	for	some	cryogenic	applications

Composite Tank Technologies
Materials Technology
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National Aeronautics and Space Administration

Ideal for cryogenic liquid applications

•	 Lightweight:	Provides	versions	that	can	be	
lighter	than	previously	available	tanks	that	
relied	on	heavy	metallic	liners	for	strength	
and	low-temperature	reliability

•	 Scalable:	Offers	designs	and	methods	that	
can	be	easily	tailored	to	large	structures	
and	easily	handle	tooling	and	materials	
changes

 Innovators at NASA’s Marshall Space Flight Center have developed 

several new designs and fabrication methods for composite tank vessels that help 

make them ideal containers for cryogenic f luids such as l iquid methane and liquid 

hydrogen. Marshall’s innovations also of fer improvements in structural integrity, 

enhancing protection against impact, harsh environments, and f ire. Several embodi-

ments of this technology enable production of composite tanks that are suitable 

for transpor ting and storing liquid natural gas and other cryogenic l iquids. These 

methods are applicable to impor tant aerospace needs, such as propulsion systems, 

as well as to new and growing f ields such as natural gas transpor tation.



Te c h n i c a l  D e t a i l s
How i t  works

Marsha l l ’s  me thods  fo r  cons t ruc t i ng  l i ned 
(me ta l l i c  o r  non-me ta l l i c  l i ne r s )  and  a l l 
 compos i t e  p ressu re  t anks, su i t ab l e  fo r 
c r yogen i c  l i qu ids, i n vo l ve  an  i nne r  l a ye r 
composed  o f  me ta l  o r  a  m i x  o f  f i be r  and 
res i n  as  we l l  a s  a  suppo r t i ng  ou te r  l a ye r  o f 
f i be r- res i n   compos i t e. I n  one  imp lemen ta t i on , 
 ma te r i a l s  compr i se  t he  i nne r  l a ye r  ( f r om a  b ra ided  s l eeve  and  a  ma t r i x  r es i n )  t ha t 
 con ta i ns  t he  f l u i ds  and  p rov ides  h igh  s t r a i n  to  f a i l u re  a t  c r yogen i c  t empera tu res, 
 p ro tec t i ng  t he   vesse l  f r om c rack ing  and  p roduc ing  l eaks. The  ou te r  l a ye r  se r ves 
as  a  h igh-pe r fo rmance   s t r uc tu ra l  suppo r t  f o r  t he  i nne r  l a ye r. I n  add i t i on , t he 
b ra ided  ma te r i a l  enhances  t he  s t r uc tu ra l  i n t eg r i t y  o f  t he  compos i t e  l a ye r s.  
By  emp loy i ng  a  hyb r i d  s t r uc tu re  t ha t  cons i s t s  o f  a t  l eas t  two  re i n fo rced 
 compos i t e  ma te r i a l s, r esea rche rs  a t  Ma rsha l l  have  demons t r a ted  p roduc t i on  o f  a 
supe r i o r, l i gh twe igh t  compos i t e  s t r uc tu re  t ha t  w i l l  he lp  con t ro l  t he  p ropaga t i on  o f 
c racks  i n  a  vesse l  ove r  w ide  t empera tu re  and  p ressu re  r anges.

O the r  Ma rsha l l  i nnova t i ons  i nc rease  t he  s t r eng th  and  s t r uc tu ra l  i n t eg r i t y  o f  t hese 
vesse l s, f u r t he r  improv i ng  t he i r  app l i cab i l i t y  t o  h igh-p ressu re  c r yogen i c  t anks 
and  con ta i ne r s. Ou te r  l a ye r s  cons i s t i ng  o f  f i be r s  and  epox ies  o r  o the r  du rab le 
coa t i ngs  can  p rov ide  f u r t he r  impac t  r es i s t ance. Add i t i ona l  i n su l a t i on  can  a l so  be 
added  to  t he  ou t s i de  o f  t he  compos i t e  ove r-w rapped  p ressu re  vesse l . 

Why i t  is  bet ter

Commerc ia l ly  ava i lab le tank mater ia ls  used prev ious ly employed mater ia ls  that  were 
not des igned speci f ica l ly  for  use in cr yogenic condi t ions. Marsha l l ’s  innovat ions 
 prov ide re l iab le methods for  const ruct ing composi te vesse ls made of  two or more 
mater ia ls  to prov ide protect ion against  leakage caused by micro-crack ing.

Un fo r t una te l y, many  cu r ren t l y  ava i l ab l e  compos i t e  vesse l s  a re  easy  to  damage  by 
impac t  and  do  no t  pe r fo rm we l l  i n  h igh  t empera tu re  env i ronmen ts. Vesse l s  made 
fo r  con ta i nmen t  o f  na tu ra l  gas  fo r  t he  au to  i ndus t r y  mus t  mee t  s t r i c t  s t anda rds 
fo r  impac t  and  f i r e  r es i s t ance. Marsha l l ’s  me thods  p roduce  damage- to l e ran t 
and  f i r e - res i s t an t  compos i t e  vesse l s  t ha t  pe r fo rm c r yogen i ca l l y  and  w i t hs t and 
 s t anda rd  U.S. Depa r tmen t  o f  Transpo r t a t i on  (DOT)  p ressu re  vesse l  t es t s. Such 
vesse l s  some t imes  a re  repa i r ab le  i n  t he  f i e l d , he lp i ng  to  improve  pe r fo rmance 
wh i l e  l owe r i ng  ove ra l l  l i f ecyc l e  cos t s. 

Patents

Marsha l l  has  rece ived pa ten t  p ro tec t ion fo r  these techno log ies  (U.S. pa ten t  
Nos. 6,158,605; 6,193,917; and 6,953,129) , and i s  seek ing add i t iona l  pa ten ts.

P a r t n e r s h i p  O p p o r t u n i t i e s
These  techno log ies  a re  pa r t  o f  NASA’s  I nnova t i ve  Pa r t ne r sh ips  P rog ram, wh ich 
seeks  to  t r ans fe r  t echno logy  i n to  and  ou t  o f  NASA to  bene f i t  t he  space   p rog ram 
and  U.S. i ndus t r y. NASA i nv i t es  compan ies  to  i nqu i r e  abou t  t he  l i cens i ng 
 poss ib i l i t i e s  fo r  Ma rsha l l ’s  compos i t e  t ank  t echno log ies  (MFS-31379-1,  
MFS-31379-2-D IV, MFS-31727-1, MFS-31838-1, MFS-32024-1,  
MFS-32099-1, and  MFS-32390-1 )  fo r  commerc i a l  app l i ca t i ons.

Commercia l  Appl icat ions
•	Pressure-fed	propulsion	systems

•	Liquefied	natural	gas	(LNG)	
and	other	fuel	transportation

•	Storage	tanks	for	fuels,	gases,	
and	cryogenic	f luids
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